The drying kinetics of frog (Dicroglossus occipitalis) was conducted using convective oven dryer. The results were fitted into three thin-layer models; Lewis, Henderson and Page models. The constants and coefficients of the various models used were evaluated using non-linear regression methods, and the results show that the Henderson model is the best for predicting the drying behaviour of frog and was followed by Lewis model. Furthermore, the drying was discovered to have taken place during the falling rate period and the effective moisture diffusivity was determined using Ficks second law and the values ranged from 8.094x10 -8 m 2 /s to 1.102x10 -6 m 2 /s. The temperature dependence of effective moisture diffusivity obeyed the Arrhenius Law with activation energy of 45.6kJ/mol.
INTRODUCTION
Frog (Dicroglossus occipitalis) is a large robustly built amphibian (up to 135mm), possessing incomplete dorsolateral folds on the back with strongly webbed hind-limbs that lives in fresh waters and wetlands. It is used in preparing many African dishes such as soups, stews etc. Frog is a source of protein and is eaten by many people in the world, but is seasonal in harvest and therefore need to be preserved for offseasons. Since biomaterials are water associated and the rate of deterioration is a function of the moisture content, preservation is therefore needed immediately after harvest in order to lengthen the shelf-life of the products and maintain its quality. Drying is the oldest and most important methods of preserving food materials practiced by man. Drying improves the food stability, since it reduces moisture content and microbial activity of the material and minimizes physical and chemical changes during storage. Another advantage of dried foods is that it takes much less storage space than canned or frozen foods. Moreover, to increase the storage stability, reduce drying cost and improve the palatability of dried products, certain pre-processing steps are very important. These pre-processing steps include osmotic dehydration, blanching and salting and are used depending on the choice and variety to be dried. Consequently, several works have been done on the drying of biomaterials. They include tomato [1], egg plant [2], apple, [3] , Soybean [4] ,meat, fish and other sea foods [5] , cucumber [6] , sweet potato [7] . However, there is no available report on the drying behaviour of frog. Thus, the objective of this work is to determine the drying behaviour of freshwater frog and select the most suitable thin-layer model to describe it.
MATERIALS AND METHODS

Sample Preparation and Experimentation
The freshwater frogs were harvested from the freshwater swamps in Bayelsa State, 2015. The samples were taken to the Food Process Engineering Laboratory of the Niger Delta University and were manually sorted and all foreign materials removed and the initial moisture content determined by the oven method as recommended by ASAE standards (S368.41 2000). 100g samples of cut-out specimen were soaked in 5% sodium chloride solution for 10 minutes and dried at temperatures 60, 65, 70, 75, 80, 85, 90, 95, 100, and 105 0 C using a laboratory-scale microwave oven (WMG240EG-Westpoint Microwave Oven) and their weight losses measured with a digital scale at specific intervals until a constant weight was observed on three consecutive measurements. This method was also applied by [8] for Pumpkin seeds and [9] M is the moisture % (db) at any time, t during drying, Mi is the initial moisture content, % (db) Me is the equilibrium moisture content (%db), k is the drying rate constant and A and n are empirical constants. The drying rate constant, k and other coefficients and constant (A and n) were determined by non-linear regression procedure using XL stat 2010. All other required data (M, Mi, drying time and temperature) were measured during experimentation, except the equilibrium moisture content (Me) which was assumed to be zero as suggested by [10] , [9] , [11] for thin-layer drying.
Statistical Analysis
The goodness of fit of all the selected thin-layer models were evaluated using coefficient of determination (R 2 ), reduced chi-squar (χ 2 ) and the root mean square error (RMSE). The criteria for the best model is the one with highest R 2 value and least RMSE and χ 2 values [3] ; The above parameters are mathematically defined as equations (4), (5) and (6). Therefore, the closer R 2 value is to 1 the better the fit.
In (4 -6), MRexp is the experimental data, MRpre is the predicted data, N is the number of observations and K is the number of constants.
Moisture Diffusivity and Activation Energy
Moisture transfer during drying of biological materials is known to be controlled by internal diffusion and this roc ss is lain d by Fick's s cond law of diffusion [12] and has been widely used to describe the falling rate drying period of most biological materials [13 , 10] . It is given as follows [12] .
( ) In equation (7), M is the moisture content of the product, t is the time; x is the dimension in the direction of transfer, and Deff the coefficient of diffusion. For the determination of moisture diffusivity, the cut-out samples with 13mm thickness were considered as having slab geometries because of their very small relative thickness compared to other dimensions [10] . Thus, the solution of equation (7) for slab-shaped materials with assumptions of moisture transfer by diffusion, constant diffusion coefficients and temperature, and negligible shrinkage is given by equation (8) [12] ;.
In equation (8), MR is the moisture ratio, Deff is the Coefficient of diffusion (moisture diffusivity), m 2 /s, t is the drying time (s), l is the half-thickness of slab, and n is the number of terms in the series Considering three terms of equation 8 (n = 0, 1 and 2) yields, When n = 0; ⁄ When n = 1;
When n = 2; Therefore, the solution series for equation (8) More so, to determine the activation energy, the Arrhenius relationship which shows the temperature dependence of effective moisture diffusivity was applied as follows
In equation (13), Do is the pre-exponential factor of the Arrhenius equation (m 2 /s), Ea is the activation energy (KJ/mol), R is the universal gas constant (8.314 x 10 -3 KJ/molK) and T is the absolute air temperature ( 0 K) Taking natural log of equation (13) 
RESULTS AND FINDINGS
The moisture content data obtained were converted to moisture ratio by fitting into the selected thin-layer models. Figure 1 shows the plots of moisture ratio against drying time at the various drying temperatures. Generally, result shows that moisture ratio decreases with an increase in drying temperature and time. Also, like other biomaterials, the drying rate of freshwater frog falls under the falling rate period, indicating that the drying rate is controlled by internal diffusion. Similar results have been reported on pumpkin seeds [10] , and [13] on African nutmeg and ogbono kernels. 
Fitting of Drying Models
To evaluate the performance of each thin-layer model selected, the coefficient of determination (R 2 ), root mean square error (RMSE) and reduced chi-square w r (χ 2 )values were considered. As shown in Figure 2 , also compares the experimental data with those predicted with Henderson model for frog samples. It shows the concordance between the predicted and measured as the R 2 value of 0.951 is close to 1, which is an indication of the capability of the model in describing the drying characteristics of freshwater frog. Similar observations had been made on grape seeds [9] and fish [5] .
Relationship between experimental and predicted moisture ratio
Effective Moisture Diffusivity
The effective moisture diffusivity of freshwater frog was calculated using equation (12) and presented in Table 2 . Results show that, effective moisture diffusivity values of frog range between 8.904x10 -8 -1.102x10 -6 m 2 /s at the temperature range of 60 0 C to 105 0 C. It was observed that diffusivity values increased steadily from 8.904 x 10 -8 to 1.102 x10-6m 2 /s for corresponding drying temperature increase from 60 o C to 100 o C, but declined to 7.191 x 10 -7 m 2 /s as temperature was further increased to 105 o C. This dipping action of effective moisture diffusivity values at temperatures above 100 o C could be attributed to case hardening effect which was noted on the surface of the sample at that temperature. Similar reports were made by [8] [9] [10] [11] and [13] [14] [15] .
Activation Energy
The temperature dependence of moisture diffusivity is reported to obey Arrhenius Law, and the activation energy was therefore calculated from the In Deff versus temperature curve using equation (14) . [2] Ert kin C, and Yaldiz, T "Drying of eggplant and s l ction of a suitabl thin lay r drying mod l"
